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masses of molecules, and measuring the volume and the pressure
under any temperatures we choose, we can calculate the molecular
speeds.
As one might anticipate, the lightest molecules move the fastest.
At zero degrees C. (273 absolute), hydrogen molecules, the lightest
of all, average 6050 feet per second. This is more than a mile a
second, 69.3 miles per minute, 4150 miles per hour. How many
billions of billions of times that hydrogen molecule collides with
its mates, and with the walls, in an hour, to build up that great
mileage within, say, a bottle! An army rifle bullet moves less than
half that fast when leaving the muzzle. Nitrogen molecules at
the temperature mentioned above travel 1613 feet per second, oxy-
gen 1510, carbon dioxide 1287. These of course are the average
speeds; many molecules are moving faster, many more slowly. As
the temperature rises, the general level of velocity rises according
to the law based on kinetic energy. And if all those gases just
mentioned were mixed in the same space, they would retain the
same average velocities just given. The slower molecules would
of course collide with the swifter ones, but their greater mass, or
inertia, would prevent them from attaining the higher speeds.
The speeds are related to the molecular masses in such a way that
the average kinetic energy, which depends on both quantities, is
the same for the different kinds of molecules at a given tempera-
ture. Thus the heavier gases are the last to leave a planet. The
escape of atmospheres, together with other matters relating to
molecular speeds, was discussed in Chapter 3.
The Molecules of Solids and Liquids
The evidence indicates that in liquids and solids, as well as in
gases, the temperature depends on the speeds of the molecules.
Here the molecules do not enjoy full freedom of motion, but